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1.0 EXECUTIVE SUMMARY

1.1 BACKGROUND AND OBJECTIVES

The US Environmental Protection Agency (EPA) has established "Management Measures" for
control of Nonpoint Pollution in the Coastal Zone, in conjunction with the National Oceanic and
Atmospheric Administration (NOAA), the agency responsible for regulations of the Coastal Zone
Management Act. The Management Measures have been devised for a variety of land development
activities, including resource extraction, roadways, and urban development. Management
Measures cover a variety of pollutants. Of particular note is the requirement to control Total

Suspended Solids (TSS) in community development. Specifically, the Management Measure calls
for coastal communities to:

(a) Reduce the average annual TSS loadings by 80% after construction has been completed
and the site is permanently stabilized; and/or

(b) Reduce the postdevelopment loadings of TSS so that the average annual TSS loadings are
no greater than pre-development loadings.

Previous research by Montgomery Watson on behalf of the Municipality of Anchorage
(Montgomery Watson, 1994) suggests that few "best management practices” (BMPs) have
documented performance sufficient to reliably meet these measures. This is particularly true where
Alaska's sub-arctic and arctic conditions complicate the effectiveness of such practices.

Montgomery Watson prepared this assessment of storm water controls for the State of Alaska,
Division of Governmental Coordination, Coastal Management Program. The work focuses on
Anchorage, Bethel, and Juneau, cities selected to represent the range of conditions typical in
Alaskan coastal communities.

This assessment has been undertaken to accomplish several objectives, as follows:

* Quantify annual pre-development and post-development loadings of TSS
* Determine target load reductions to meet the management measures

¢ Determine appropriate best management practices

» Estimate costs to implement BMP's

» Determine the economic impacts of such costs

12 PROJECTIONS OF TSS LOADINGS

Development scenarios were derived for each city, on scales ranging from 5 acre residential
development to 20 acre industrial development. Total annual combined rainfall and snowmelt
runoff in Anchorage was estimated to range from less than 1.4 inches before development to
approximately 10 inches for commercial development. Similar ranges were 0.27 to 2.52 inches for

— —
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Bethel, and 1.45 to 20.54 inches for Juneau. Typical runoff TSS concentrations were estimated to
range from 81 mg/L (for Bethel) to 224 mg/L (for Anchorage commercial development).

Loadings were estimated by multiplying TSS concentrations times projected runoff on a daily basis
through the year. Estimates of TSS loadings range from 48 to 56 pounds per acre per year for
"predevelopment" Anchorage, and 140 to 333 pounds per acre per year after development.
Estimates were higher for Juneau, due to more effective mobilization of TSS during runoff, up to
over one-half ton of TSS per acre per year for commercial sites after development. Bethel
estimates were much lower, due to low intensity rainfall, flat slopes, and well established
vegetation. :

1.3 BEST MANAGEMENT PRACTICES

Maintenance of urban runoff facilities was judged to be the best non-structural BMP for
implementation, although costs and benefits were not directly quantifiable. Wet pond type
sedimentation basins were judged to be the best structural controls for Anchorage and Juneau.
These ponds are impractical for Bethel due to permafrost and shallow groundwater. Vegetative
slope protection for embankments appears to provide the best pollution prevention function in low
lying tundra areas, although the effectiveness has not been reliably quantified.

Sedimentation ponds are not viewed as effective in capturing fine particulates (<10 microns
effective diameter) from runoff. This fraction of TSS typically accounts for more than 20% of the
TSS load in Alaska's low intensity storms. Therefore, it was concluded that the 80% removal
management measure is not attainable even with the BMP judged most cost effective for Alaska's
communities.

14 COSTIS AND ECONOMIC IMPACT

In most instances, reduction in loadings to predevelopment conditions was judged to be less
stringent than the 80% reduction level. Costs were estimated for 3 Anchorage and 2 Juneau
development scenarios based on minimum sizing criteria for effective sedimentation pond
development.

Annual costs for sedimentation ponds range from $490 per developed industrial acre to over $1640
per developed residential acre. This represents approximately 0.5 to 0.75 % of the annual cost of
an industrial or commercial enterprise, or nearly 5% of annual household income for a residence.

Another measure is on the basis of total cost per pound of pollutant removed. For a twenty acre
industrial development, this can be as low as $3.00 per pound of TSS. Smaller commercial and
residential developments are limited by sizing criteria, forcing costs up to as much as $26.00 per
pound of TSS for a 5 acre residential development in Anchorage.

- ——— ——
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2.0 INTRODUCTION

21 STUDY OBJECTIVES

The purpose of this study is to determine the costs of stormwater quality controls to meet federal
management measures for the reduction of suspended sediments from new urban development.

Suspended sediment from stormwater runoff in urban areas constitute the largest mass of pollutant
loading to surface waters. NOAA and EPA have established management measures for total
suspended sediment (TSS) for new development in urban areas. The goal of this report is to
present an economic analysis of TSS controls for stormwater in coastal Alaska consistent with

EPA guidelines and to provide useful information to Alaskan communities for management of TSS
in urban stormwater.

Objectives of the study:

¢ Quantify TSS pre and post development loadings

Determine target TSS load reductions for two specified management measures:
- 80% removal

- removal to predevelopment conditions

Determine appropriate best management practices (BMPs) to meet both management
measures and to meet current local stormwater quality standard

» Estimate the costs to implement appropriate BMP

* Determine the economic impacts of these costs

Each objective is carried out for each of three municipalities, Juneau, Anchorage, and Bethel for
new development. The communities are located on the map in Figure 1. New development is
characterized by three scenarios for each municipality: residential, commercial, and industrial land
use. For each scenario, one structural BMP was to be chosen for each of the two TSS reduction
goals. Although this study describes non-structural controls for TSS, there is not enough data to
determine if the controls are sufficient to meet the management measures for new development or

to estimate the costs associated with them, especially if they are implemented on a site-specific
basis.

—
[ e

P e}
Stormwater Controls in Coastal Alaska 3 page 2-1
June, 1995




ﬁ- GULF OF ALASKA XX}\L\_
oy

%

P Ac 1 F 1 C

@ MONTGOMERY WATSON

Anchorage, Alaska

FIGURE 1

LOCATION MAP

J

\

————————————



22 BACKGROUND

The NOAA and EPA Coastal Nonpoint Pollution Control Program Management Measure for new

urban development, which includes urban redevelopment, new or relocated roads, highways and
bridges, requires:

X3

(1) By design or performance:

(a) After construction has been complete and the site is permanently stabilized,
reduce the average annual total suspended solid (TSS) loadings by 80 percent. For

the purposes of this measure, and 80 percent TSS reduction is to be determined on
an average annual basis,* or

(b) Reduce the post-development loadings of TSS so that the average annual TSS
loadings are no greater than redevelopment loadings, and

(2) To the extent practicable, maintain post-development peak runoff rate and average
volume at levels that are similar to pre-development levels.

* Based on the average annual TSS loadings from all storm less than are equal to the 2-
year/24-hour storm. TSS loadings from storms greater than the 2-year/24-hour storm are
not expected to be included in the calculation of the average annual TSS loadings.”

(in Section II. A. New Development Management Measure (EPA, 1993))

These guidelines do not explicitly included snowmelt TSS loading in the calculation for average
annual TSS loading. However, they don't explicitly exclude it, either. In order to limit the scope
of this study, the following procedure has been adopted.

TSS loading from snowmelt is quantified in Section 3 of the report, in order to present a complete
picture of the annual TSS loading. The TSS removal of the chosen BMP for snow melt runoff is
estimated, but the BMP is not sized to treat snow melt runoff to the (a) and (b) criteria.

The BMPs are selected and sized to meet the (a) and (b) criteria based on their ability to meet treat
the annual TSS loading for rainfall events up to the 2-year/24-hour storm (May through September
for Anchorage and Bethel; February through October for Juneau).

Stormwater Controls in Coastal Alaska
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3.0 BASELINE CONDITIONS OF INDICATOR MUNICIPALITIES

3.1 INTRODUCTION

The purpose of this section is to define the hydrologic and TSS loading conditions in each indicator
municipality. These conditions will provide the bases for BMP selection and cost analyses in
sections 4 and 5. TSS loadings for urban basins are caused by runoff events. Runoff events, in
turn, are caused by rainfall and by snowmelt. Annual timing and amounts of runoff and TSS
loading are variable because of the influence of local meteorological conditions.

In the following sub-sections, the rainfall, runoff, soils conditions and TSS loadings are described
in general and then in particular for each municipality. Local drainage conditions are described and
scenarios are developed that characterize expected site development sizes and conditions for the
three land use categories (residential, commercial and industrial). The typical year's runoff and
TSS loads for each scenario are quantified. Finally, local stormwater quality regulations for each
community are discussed and a summary of local economic conditions is presented.

3.1.1 Typical Year

In order to obtain annual TSS loadings, a “typical” year, in terms of precipitation, was identified
from available weather service records for each municipality. A daily runoff rate was estimated
based on the daily rainfall or snowmelt and, from these runoff rates, daily TSS loadings were
generated. Because of the variability of precipitation events and the short record period of readily
available data, the “typical” year may vary considerably in individual months from the long term
record. In spite of this discrepancy, the use of actual rainfall records was assumed to be more
representative of actual conditions than a simulated series would have been. The typical year for
Juneau and Bethel were determined by analysis of annual climatological summaries for years with
complete records during the period 1980 through 1993. A typical year for Anchorage was
suggested by the Municipality of Anchorage (MOA).

3.1.2 Rainfall

Rainfall events greater than 0.1 inches were identified in the rainfall records for the typical year.
For all three municipalities, no daily rainfall in the chosen typical year exceeded the 2-year 24-hour
event determined for the location by the U.S. Weather Bureau in Technical Paper 47 (TP 47)
(Miller, 1963). Professional experience in Alaska has found that TP 47 consistently overestimates
rainfall intensities for any recurrence interval. As a consequence, the use of this document often
leads to an overestimate of the number of rainfall-runoff events. This will consequently lead to an
overestimation of the TSS loadings for rainfall events that would be subject to management

measures. Before management measures are implemented, a more refined estimation of the 2-year
24-hour event should be made for specific localities. '

i
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3.1.3 Runoff

TSS loadings from urban basins is mobilized from the ground by runoff events. Coastal Alaska’s

runoff events fall in three general categories: summer/fall rainfall events, winter thaws, and spring
snow melt.

3.1.3.1 Rainfall Runoff

Runoff due to rainfall is influenced by a number of factors, the primary ones being the soil types
and percent imperviousness of the site, rainfall intensity, and antecedent moisture conditions. In

developing a rainfall-runoff relationship, site specific data is the most reliable. For ungaged
locations, other methods have been developed.

For Anchorage, some site specific rainfall-runoff data was available for developed urban basins.
An equation, developed by the USGS (Brabets, 1987) based on data from three basins in the
Anchorage area, was used to model the rainfall-runoff relationship in the Anchorage area. The
equation has the following form:

VOL =0.39 * (RF)1.10 (DA)0.14 (PE1A)0-38 (D

where VOL is volume of runoff, in inches
RF is total storm rainfall, in inches
DA is drainage area in acres
PEIA is percent effective impervious area

This equation has been calibrated for basins of less than 38 acres that have effective
imperviousness less than 70%, for storm rainfall events that are less than 0.5 inches. Because this

equation was calibrated for Anchorage, it was used to determine rainfall runoff for Anchorage
only.

For Bethel and Juneau, no site specific data was available. For these two municipalities, the
method described in the USDA Soil Conservation Service’s (SCS) Technical Release 55 (TR-55)
was used to estimate runoff response to rainfall. TR-55 presents a simplified procedure to
calculate storm runoff volume and is applicable to small urbanizing watersheds. This method
estimates the runoff volume for a 24 hour storm event, based on two parameters: a factor, or curve
number (CN), that reflects the soil type and imperviousness of the site, and the depth of rainfall.

(P-.2%8)2
Q=(p+.8%s) 2)

where P=rainfall in inches

Q=runoff in inches
CN
=10001°

There are limitations on the use of this equation; both with respect to precipitation and the CN.

e T e e e e |
Stormwater Controls in Coastal Alaska O page 3-2
June, 1995



SCS suggests that this equation is less accurate when runoff is less than 0.50 inches. This is the
case particularly in Bethel, and for a majority of the rainfall events in Juneau. The TR-55 method
predicts lower flows than does another standard method, the Rational method. The Rational
method, which predicts flow as the product of rainfall, basin area, and percent impervious, was
developed to estimate peak flows (Sheaffer, 1982). It was not developed for the study of runoff
volume, but approximations can be made by dividing the flow by the basin area. However, it was
used here to serve as a check on the results from the TR-55 method. The TR 55 method accounts
for two factors that the Rational method does not: antecedent moisture conditions and initial
abstraction,. Consideration of these factors tends to more fairly represent actual conditions than
does the Rational method.

The SCS has mapped soils throughout the lower 48 United States and developed a system of soil
types, ranked A through D, that relate to the CN in this equation. A review of the soil surveys of
the Juneau and Bethel areas was made. The soil types in these areas have not been classified within
this system. CN numbers were estimated, based on soils descriptions and their distributions in the
developable areas. The CN is site specific and will vary from location to location within the
municipality. This is especially true in Juneau; Bethel area soils are more homogenous. The soil
type variability within the Juneau area will cause site specific runoff to be more variable than in
Bethel. Antecedent moisture conditions are taken into account by assigning a higher CN; the
higher CN is prescribed by the SCS and based on the CN for average conditions.

Despite these limitations regarding precipitation and CN values, we felt that TR-55 was the best
available method to estimate the runoff from rainfall events. These limitations should be kept in
mind, and the results from this method taken as relative rather than absolute values.

3.1.3.2 Snowmelt Runoff

Snow melt runoff is variable from year to year. Within a year, snow melt is highly variable in
duration and volume. The length of the snow melt period varies, depending on daily and hourly
temperatures, wind speed and direction, and the amount of snow on the ground. Although the
amount of snow on the ground may influence the length of the snow melt period, it is not directly
correlated to the amount of runoff, either over the snow melt period or on a given day, because of
infiltration. If the ground beneath the snow is frozen, the amount of runoff will be greater. If
freezing temperatures precede snow fall in the fall, the ground will freeze and stay frozen through
the winter. Under these conditions, snow melt runs off rather than infiltrates, because the ground
thaws after the snow melt. These factors influence snow melt runoff in each of the indicator
communities to a different extent.

Snow melt runoff data was available for five urban basins in the Anchorage area, but none was
available for Juneau or Bethel. The data for Anchorage (Brabets, 1987, and Billman and Bacon,
1990), collected during spring breakup periods, indicate that daily runoff rate lies generally in the
range of 0.01 to 0.20 inches, but is variable from day to day, due to changes in temperatures, wind
velocity, insolation, and other heat transfer components. The rate of runoff is also influenced by
the amount of impervious area (including frozen ground as well as pavement and buildings), but
this relationship has not been quantified. Snowmelt runoff does not occur until the snowpack is

st—
(—

Stormwater Controls in Coastal Alaska <] page 3-3
June, 1995




saturated. Saturation, or snow pack ripening, is generated by melting snow or rain trickling
through the snowpack. Ripening may take a week or more, depending on the initial condition of
the snowpack and the rate of snowmelt. Rainfall on a snow pack will accelerate the ripening
process.

Since the day-to-day variability in temperatures during spring breakup is similar in all three
municipalities, runoff rates for a specific series of days can be reasonably approximated using
Anchorage data. A sequence of daily snow melt rates was derived from the Anchorage data, using
a 30% impervious residential area, and applied to the land development scenarios for Anchorage,
Bethel and Juneau. The length of the breakup period was determined by a combination of daily
average temperatures above 32° F and the daily snow on the ground record for Bethel and Juneau.
Both sets of snowmelt data (Billman and Bacon, 1990, and Brabets, 1987) showed an increase in
snowmelt runoff from developed areas with higher imperviousness. A factor was applied to the
assumed snowmelt rate from the 30% impervious area to account for this increase. This results in
an equation of the form: '

VOL = VOL3q *(1 + (PEIA - 30)*.03) (3)

where VOL = runoff, inches
VOL3 = runoff from 30% impervious site, inches
PEIA = percent effective impervious area, expressed as a percent

This adjustment factor was based on basins varying from 30% to 70% impervious. Use of the
factor for areas with imperviousness greater than 70% may overestimate the runoff; and for areas
with less than 30% imperviousness, it may tend to underestimate the runoff.

Days of snow melt for winter months were defined based on the number of days the maximum
temperature exceeded 32° Fahrenheit. No data were available for runoff from winter thaw events;
but the initial spring snowmelt may be comparable to winter thaws. During the early part of the
spring snowmelt, flow rates are in the range of 0.01 to 0.04 inches. These values were estimated
from 1988 data (Billman and Bacon, 1990). Therefore, a constant snow melt rate was assumed on
winter thaw days. Some winters may have extremely warm periods, causing greater snow melt
runoff than this assumption covers, leading to an underestimation of snow melt. Conversely, thaw

days with no runoff may also occur if there is little or no snowpack, and the constant rate
assumption would overestimate runoff in that case.

3.14 TSS Loadings

TSS data is sparse in these areas of Alaska. Where it has been collected, it has rarely been
correlated to antecedent rainfall conditions or to basin area. No daily data is available for an entire
year at one site. The TSS data is most often collected in streams, which are not representative of
developed conditions. Where it has been collected, sampling has occurred in the summer, or
rainfall, months. Winter thaws and spring snow melt data are very limited.

TSS sampling data is expressed as a concentration of suspended particles per unit volume of water,
generally, milligrams per liter (mg/l). TSS loadings represent the mass of suspended particles,

e e e e e s i s
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generally represented by pounds per day or pounds per year. TSS loadings are obtained by
multiplying the TSS concentration times the flow (times appropriate conversions factors for

disparate units). Thus, a low flow with a high concentration can yield a similar load to a high flow
with a low concentration.

3.1.4.1 Pre-Development TSS Loadings

Pre-development conditions in the three indicator municipalities span the spectrum from bare
ground to natural undisturbed vegetation. The guidance manual specifying the New Development
Management Measure (EPA, 1993) describes pre-development it as follows:

“ ...the term pre-development refers to the sediment loadings and runoff volumes/velocities
that exist onsite immediately before the planned land disturbance and development activities

occur. Predevelopment is not intended to be interpreted as that period before any human-
induced land disturbance activity has occurred.”

It goes on to say that

“... management measure option II.A.(1)(b) is not intended to be used as alternative to
achieving an adequate level of control in cases where high sediment loadings are the result

of poor management of developed sites e.g. ... sites where land disturbed by previous
development was not permanently stabilized.”

From this, it appears that management measure II.A.(1)(a), the 80% removal measure, is
applicable to bare or unstabilized sites and that management measure I1.A.(1)(b) is more likely to
be applied to sites that were stabilized or are in a naturally vegetated state before development.
Therefore, pre-development TSS was estimated for natural or stabilized sites only.

TSS loadings for undeveloped conditions with natural vegetative cover were based on the
Universal Soil Loss Equation (USLE). This equation takes the form:

A=RxKxLSxCxP 4)

where A = soil loss, tons/(acre)(year)
R = rainfall erosion index, in 100 ft - tons/acre x in/hr
K = soil erodibility factor, tons/acre per unit of R
LS = slope length and steepness factor, dimensionless
C = vegetative cover factor, dimensionless
P = erosion control practice factor, dimensionless

This method was originally developed to estimate the annual sediment yield from small cropland
areas. It calculates annual soil loss in tons per acre, based on rainfall, soil erodibility, site slope
and length, and cover and erosion control practices. Because this method is empirical and the
parameters have been calibrated for agricultural conditions in the lower 48 United States, this
method is not directly applicable for developed urban areas in Alaska. It is somewhat applicable
for the “pre-developed” condition, assuming the effects of natural vegetation on soil loss in these

—
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indicator municipalities is similar to effects in the lower 48 states. Another drawback of the USLE
is that it does not differentiate soil losses attributable to rainfall from those due to snow melt
runoff. Since the equation is being used to estimate the annual load from soils with natural
vegetative cover, it is reasonable to assume that snowmelt would not cause soil loss. Thus, the
loads predicted by the USLE in this application represent pre-development TSS from rainfall

events only but could reasonably approximate annual loads as well. This equation does not predict
TSS concentrations or daily loads.

3.1.4.2 Post-Development TSS Loadings

TSS data from urban rainfall and snow meit runoff has been collected in the Anchorage area, but
not for the same basins. This data were used to generate two relationships; one for rainfall and one
for snowmelt. The rainfall-runoff-TSS load relationship is based on a regression equation using
the parameters of runoff, drainage area, and percent effective imperviousness as independent

variables. The snowmelt-TSS loading relationship uses consecutive thaw day as the independent
variable.

The relationship between stormwater runoff and TSS concentrations is based on data from three
urban basins in Anchorage and shows two distinct patterns. The first pattern is an initial peak of
sediment concentration at the beginning of the storm and then a rapid decrease. The other pattern
shows sediment concentrations following the fluctuations of the storm's runoff. These patterns
reflect two TSS mobilization mechanisms. An initially high intensity storm mobilizes loose
sediment readily. This observation follows from the USLE theory. A low intensity storm
mobilizes sediment at a lower but more constant rate as the sediments are wetted and loosened over
the course of the storm. It is reasonable to assume that the high intensity storm mobilizes particles
of larger diameter, but it is not known whether the distribution of particle size in the TSS between
the two storm types is significantly different.

Recognizing these limitations, a relationship was established between total storm runoff and TSS
load. Regression techniques applied to data from these three basins were used to calibrate an
equation that calculates estimated TSS loads based on the runoff volume, drainage area, and
percent of effective imperviousness for a given basin (Brabets, 1987). The equation is of the form:

SSED = 42.6 * (VOL)0-90 (DA)!1.01 (PE1A)0.71 (5)

where SSED is suspended sediment load, in pounds
VOL is volume of runoff, in inches
DA is drainage area in acres
PEIA is percent effective impervious area

This equation is considered to have a high standard error of estimation. However, it is used here,
where no other information is available. It has been calibrated for basins of less than 38 acres that
have effective imperviousness less than 70%, for storm rainfall events that are less than 0.5 inches.

Since rainfall patterns are expected to be quite similar for Anchorage and Bethel, the calibrated
equation was used for predicting TSS loads in Bethel. This equation is limited to use on rainfall
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events of less than 0.5 inches. Even though this limitation is exceeded in Juneau, the application
of this equation led to fairly reasonable TSS loadings for Juneau, so it was used for Juneau as
well. There is no data with which to judge the accuracy of these estimates.

During snowmelt, mean TSS concentrations are typically higher than for rainfall runoff. Data from

Chester Creek (Brabets, 1987) indicates that TSS concentrations in urban snowmelt can be 16% to
400% higher than in rainfall runoff.

Spring thaw TSS concentrations for two urban basins showed two concomitant patterns: a diurnal
fluctuation and a trend through the snow melt period (Billman and Bacon, 1990). On a daily basis,
suspended sediment concentrations peak in the afternoon with peak discharge (Brabets, 1989).
Through the month (more or less) of the snow melt period, the daily concentrations are initially
quite high and then decrease. Therefore, a relationship between day of snowmelt and runoff was
developed based on 1988 data from two basins. It is of the form:

VOL =215 - 5.48(DAY) (6)

where VOL = runoff, in
DAY = day of snowmelt period

The constants in this equation are calibrated to 1988 data only. These constants vary from location
to location and year to year, but the downward trend was verified by the Chester Creek data
(Brabets, 1987). The relationship between concentration and day of the snowmelt period was
assumed to be the same for thaw periods during winter months. The magnitude of the
concentrations, however, was assumed to vary over the winter. Because the snowpack tends to
accumnulate sand and precipitated airborne materials over the course of the winter, TSS
concentrations are expected to be highest in the spring and lower during an early winter thaw.
Thus, for example, November thaw was assumed to exhibit TSS concentrations similar to those on
day 25 of the spring thaw. The concentrations were multiplied times the flow to obtain TSS loads.

These snow melt patterns were considered to be similar in all three municipalities, although the
magnitudes of concentrations vary. In Bethel where there is little street sanding, the snow melt

concentrations were assumed to be half of those in Anchorage. In Juneau, the Anchorage
concentrations were used.

3.15 Summary of Derivation Methods

A summary of the methods used for each location is shown in Table 1. Details regarding the

development of the snow melt and rainfall runoff and TSS loading for each community are given in
the following descriptions.

e
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Table 1
Summary of Derivation Methods for Runoff and TSS Loadings

concentration x flow for
load

Variable Rainfall Spring Breakup Winter Thaw
Snowmelt Snowmelt
Anchorage
Runoff Equation (1) Snowmelt runoff rates flat 0.03' rate
from Anchorage basins
with Equation (3)
Pre Development TSS Equation (4) none none
Loading
Post Development TSS |Equation (5) Equation (6) for Equation (6) for
Loading concentration; concentration;

concentration x flow for
load

Bethel

Runoff

Equation (2); CNs for D
soils

Snowmelt runoff rates
from Anchorage basins

flat 0.03" rate

concentration x flow for
load

with Equation (3)
Pre Development TSS Equation (4) none none
Loading
Post Development TSS  [Equation (5) Equation (6) for Equation (6) for
Loading concentration; concentration;
concentration x flow for |concentration x flow for
load load
Juneau
Runoff Equation (2); CNs for C |flat 0.03" rate flat 0.03" rate
soils
Pre Development TSS  {Equation (4) none none
Loading
Post Development TSS  |Equation (5) Equation (6) for Equation (6) for
Loading concentration; concentration;

concentration x flow for
load

Equation |
Equation 2

VOL = 0.39 * (RF)I.IO (DA)0'14 (PEIA)0'38
Q_Q-.2*522
(P+.8*S)

Equation 3
Equation 4
Equation 5
Equation 6

VOL = VOL.3 *(1 + (PEIA - 30)*.03)
A=RxKx1LSxCxP

SSED = 42.6 * (VOL)0-90 (DA)1.01 (pE1A)0.71
VOL =215 - 5.48(DAY)

3.1.6 Land Development Scenarios

The development scenarios outlined for each municipality are those that can reasonably be expected
to occur. An implicit assumption is that there is no runoff into these sites that must be treated. It is
assumed that the stormwater control practices will be implemented by the developer of the site as
part of site development. These construction costs and the annual and periodic maintenance costs
will be passed along to the buyers or leaseholders. Although there may be some component of
municipal involvement for maintenance, we assumed that the municipality would recoup the cost of
this from the property owners.
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For single family residential development, density was taken as four houses per acre. Of the land
available, 90 percent would be used for housing and 10 percent for roads and other infrastructure,

not including the stormwater control. Thus for a 5-acre residential development size, 18 houses
are expected.

Commercial development was assumed to be retail stores. The building size was assumed to be
one-third of the impervious area of the site. The other two-thirds would be paved.

Industrial development was assumed to be equipment yards and warehouses. The building size

was assumed to be one-half of the impervious area of the site. The other one-half would have
equipment or covered storage.

32 ANCHORAGE
321 Rainfall

Anchorage precipitation averages 15.3 inches. TP 47 gives the 2-year/24-hour storm for
Anchorage as 1.5 inches (Miller, 1963). The Municipality of Anchorage (MOA) uses 0.66 inches
for a 2-year/6-hour event. MOA has not established a 24-hour event for any return period. Based
on the depth of the 2-year/6 hour storm, however, the 2-year/24 hour storm event would likely be
less than 1 inch. The monthly rainfall distribution is shown in Figure 2. This figure shows that

the peak precipitation period is in the months of July through September. Rainfall greater than 0.5
inches occurs approximately 5 days a year.

Figure 2
Anchorage Mean Monthly Precipitation Distribution - 1923-1984 and 1991
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Source: Leslie, 1986 and NOAA, 1965
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3.22 Runoff

The Anchorage spring break up period is generally from mid March through mid April. Summer
rains occur from the end of April through the middle to end of October. A daily runoff relationship
for snow melt and for rainfall was developed for Anchorage, on a depth per unit area basis. The
rainfall runoff relationship was developed on Chester Creek by the USGS (Brabets, 1987). The

snow melt relationship was based on data from two residential basins and adjusted for percent
imperviousness.

323 Soils and Drainage Conditions

Anchorage lies in a gently sloping bowl, although some developable land is located up stream and
river valleys. The soils in the Anchorage area are glacial till. Some sites are on gravel or sand
where the soils are highly permeable, but the majority of developable sites will be on relatively

impermeable soils or near surface bedrock. The developable areas are drained by well defined
creeks.

324 TSS

Total suspended solids data has been collected by the United States Geologic Survey (USGS) from
6 creeks in the Anchorage area . Most of the Anchorage area USGS data is based on stream
sampling, which includes base flow, and generally represents runoff from several land use
categories. One USGS report (Brabets, 1987), however, presents rainfall and snow melt runoff
data from one commercial and one residential basin, and some in-stream data from an undeveloped
basin. Snow melt data has been collected from two residential basins by the Municipality of
Anchorage (Billman and Bacon, 1990).

Pre-development TSS loading for Anchorage was based on the Universal Soil loss equation.

Post-development TSS loading for Anchorage was based on the TSS-runoff relationship
developed by the USGS (Brabets, 1987).

3.25 Expected Site Development Types

According to the MOA Department of Community Planning and Development (Weaver, 1995),
Anchorage residential development is generally in the 2.5 to 5 acres range; a 40 acre site is
considered large. Commercial site sizes are dictated by the amount of parking and percentage of

landscaping required. Industrial sites are generally graveled. Assumed land uses and types are as
follows:

Residential Sac 4 houses per acre 38% impervious
Commercial 10 ac 123,000 sf retail store 85% impervious
Industrial 10 ac 109,000 sf warehouse/office =~ 50% impervious

m—
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3.26 Typical Year

The Municipality of Anchorage has identified 1965 as its typical rainfall year (Wheaton, 1995).
The snow melt runoff pattern for March and April, 1988, were used to simulate runoff. Winter
thaw periods in the months of November through February were based on the number of days
that, on a long-term average basis, the maximum daily temperature exceeded 32° F. During the
winter thaw days, the number of thaw days per month was reduced by two, to account for the time
it would take for the snowpack to ripen before runoff occurs.

The rainfall-runoff pattern for Anchorage for the typical rainfall year is shown in Figure 3. Two

runoff peaks, one in April and one in August, illustrate the bimodal runoff, from snowmelt and
rainfall.

. Figure 3
Anchorage Monthly Rainfall-Runoff Distribution for Typical Year
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The cumulative TSS loading for the typical Anchorage year is shown in Figure 4. This figure
shows the loadings due to runoff from development for each land use category. It also shows the

total annual predevelopment load from each of the land use categories on the right side of the
graph.
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Figure 4
Cumulative Pollutograph for Anchorage for Typical Year
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A summary of the hydrologic characteristics of each land development scenario is shown in Table

2.

Table 2
Hydrologic Characteristics of Each Land Development Scenario for Anchorage

June, 1995

Land Use Type
Variable Condition Units Residential Industrial Commercial
Area acres 5 10 10
% Impervious % 38 50 85
Rainfall  (May - Sept) inches 9.45 9.45 9.45
Rainfall Runoff |Pre Development inches 1.01 1.01 1.01
Depth
Post Development | inches 2.81 343 4.20
Snowmelt Runoff |Pre Development inches 0.35 0.35 0.35
Depth
Post Development | inches 2.74 3.53 5.85
TSS Loadings Annual Pre bs 240 560 560
‘ Development
Annual Post lbs 699 1942 3322
Development
Summer Post lbs 338 992 1734
Development
Removal Required for Pre=Post % 29% 4% 68%
Conditions - Summer
Median TSS Annual Post mg/l 128 148 187
Concentrations Development
Summer Post mg/l 131 157 224
Development
Maximum 6-hr Summer Post cfs 0.17 0.43 0.52
flow Development
Median 24-hr flow | Summer Post cfs 0.01 0.02 0.03
Development
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3277 Local Regulations

The population of Anchorage is greater than 100,000 so the MOA must comply with the National
Pollution Discharge Elimination System permit requirements for stormwater runoff. In the course
of applying for this permit, the MOA has modified its Municipal Code to implement regulatory
control over stormwater discharge. In particular, the MOA has identified TSS as a pollutant for
which it can require treatment or removal. The MOA has not established performance objectives
for stormwater control and currently defers to the Alaska Department of Environmental
Conservation (ADEC),which is the agency that can legally enforce its own performance objectives.
In the interim, until the MOA establishes performance criteria, it will not issue a developer the
authority to proceed without review by the state.

33 BETHEL

3.3.1 Rainfall

Bethel’s annual precipitation is 16.9 inches. The 2-year/24-hour storm for Bethel is 1.5 inches
(Miller, 1963). The rainfall distribution is shown in Figure 5. The highest precipitation occurs in
August, and less than 5 days a year have rainfall depths greater than 0.5.

Figure S
Bethel Mean Monthly Precipitation Distribution - 1923-1984 and 1991
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3.3.2 Runoff

The TR-55 method was used to generate runoff from rainfall events in Bethel. Since the majority
of rainfall is of low intensity, this method predicts very low runoff. In Bethel, total snowfall is
somewhat less than Anchorage. Snowpack is also smaller than Anchorage, due to wind effects.
Both of these factors lead to a shorter snow melt runoff period than Anchorage in general. Colder
temperatures in April cause the snow melt period to occur later than in Anchorage.

3.3.3 Soils and Drainage Conditions

Bethel is located on the banks of the Kuskokwim River in southwestern Alaska. Bethel’s soils are
predominantly silts underlain by permafrost and are generally impermeable. This, and the lack of
relief in area, create standing water following rainfall and snow melt events. Consideration for
permafrost conditions has necessitated the construction of elevated roadways and above ground
utilities. Scraping and grading of sites is generally limited to work on the constructed pads. Only
one five mile road is paved; the rest are gravel or native soil. Very little, if any, sand is applied to
the streets in the winter. Consequently, the primary source for sediment loading is erosion of the
roadways and embankments. The primary stormwater structures are ditches and culverts. Most of
the drainage is diffuse, with only one well defined creek running through the town.

334 TSS

There is no suspended sediment data for the Bethel urban area. Suspended sediment data is
available for the Kuskokwim River, but this data is not representative of urban runoff TSS.

Pre-development conditions were estimated based on the USLE. A generalized regional analysis
indicates that non glacial streams in the region probably do not normally exceed 100 mg/l in
suspended sediment in the summer (Feulner, 1972).

The post development TSS loading for the Bethel area was assumed to be half the rate of the
Anchorage area for snow melt runoff. In Bethel, roads are not typically sanded in the winter and
streets and parking lots are not typically paved.

3.35 Expected Site Development Types

Bethel residential development is generally in the 2.5 to 5 acres range. The minimum lot size is
9,000 square feet. Commercial site sizes are small, generally accommodating such individual
enterprises as a store or a bed-and-breakfast. No new industrial sites are likely to be developed;
most industry is maritime and operates off-shore, on the Kuskokwim River. No street or parking
lot paving is required, so the percent impervious is lower than that in more urban communities.

Residential 5ac 4 houses per acre 25% impervious
Commercial 2ac 40% impervious
Industrial not anticipated
c ————— — ==
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33.6 Typical Year

1991 was identified because of its near normal annual precipitation and average March 31
snowpack. The March 31 snowpack was used as an indicator of the snow melt season, and to
evaluate if the chosen year were typical or not. Rainfall and thaw events were taken from the

climatological record for the year. The 2-year/24 hour rainfall was not exceeded on any day in
1991.

The runoff pattern for Bethel is shown in Figure 6. Two peaks, one in April and a smaller one in
September, illustrate the runoff from snowmelt and rainfall.

Figure 6
Bethel Monthly Rainfall-Runoff Distribution for Typical Year
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The cumulative TSS loadings for the typical Bethel year are shown in Figure 7. This figure shows
the loadings due to runoff from development for each land use category. It also shows the total
annual predevelopment load from each of the land use categories on the right side of the graph.
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Figure 7
Cumulative Pollutograph for Bethel for Typical Year
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A summary of the hydrologic characteristics of each land development scenario is shown in
Table 3.

Table 3
Hydrologic Characteristics of Each Land Development Scenario for Bethel
Land Use Type
Variable Condition Units Residential Commercial
Area acres 5 2
% Impervious % 25 40
Rainfall {(May - Sept) inches 6.67 6.67
Rainfall Runoff  |Pre Development inches 0.03 0.03
Depth
Post Development inches 0.39 0.55
Snowmelt Runoff {Pre Development inches 0.24 0.24
Depth
Post Development inches 1.29 1.97
TSS Loadings Annual Pre Ibs 85 15
Development
Annual Post Ibs 140 45
Development
Summer Post Ibs 42 16
Development
Removal Required for Pre=Post % -100% 8%
Conditions - Rainfall
TSS Annual Post mg/] 81 81
Concentrations Development
Summer Post mg/l 107 140
Development
Maximum 6-hr Rainfall Post cfs 0.13 0.03
flow Development
Average 24-hr flow|Summer Post cfs 0.003 0.001
Development
T e e — e |
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Calculated TSS loadings in Bethel decreased under developed conditions. We believe this would
not be the case, for two reasons. A good cover of natural vegetation in the predevelopment
conditions limit sediment loss. Developed conditions generally involve pad or elevated road
construction, on which both the side slopes and horizontal surfaces are generally more vulnerable
to erosion than predevelopment conditions. The predevelopment loads are most likely lower than
those predicted by the USLE, which is especially sensitive to rainfall energy and the slope of the
site. The post development loads are probably underestimated. Even though the sites have low
percentages of imperviousness, the native soils are also highly impervious, as well. Because of
the lack of data for Bethel with which to verify these results, they should be considered with
skepticism. They do not provide a strong basis for development of target removal levels of TSS.
However, because of other site specific conditions, no BMPs that can be designed to meet targeted
removal levels are practical for Bethel.

3.3.7 Llocal Storm Drainage Regulations

Bethel has a Coastal Management Plan, which requires a review of subdivision plats. The
municipal ordinance requires that drainage channels on private property be preserved and requires
the installation of culverts where these channels are crossed by driveways or roads. There are no
minimum landscaping requirements for commercial or industrial development, although the lots
have minimum setbacks.

34 JUNEAU
3.4.1 Rainfall

Annual rainfall in southeast Alaska is much greater than in south-central or western Alaska.
Juneau’s climate is typically much rainier than either Bethel or Anchorage, but is highly variable
even within the developed area of the City and Borough of Juneau (CBJ). The average annual
rainfall in downtown Juneau (90 inches) is nearly twice that at the airport (52 inches). Data from
the weather station at the airport were used in this study, because published records were more
complete in recent years. In addition, new development is more likely to occur north of town than
in the town proper. Use of the airport data will lead to an underestimation of the runoff, and

therefore TSS, in some parts of Juneau. The 2-year/24-hour storm for Juneau is 3.0 inches
(Miller, 1963).

The rainfall pattern for the airport weather station is shown in Figure 8. The maximum
precipitation occurs in October. Precipitation exceeds 0.5 inches on 28 days a year. Although the
shape of these curves is similar for the downtown weather station, the magnitude, both in inches
and in days of exceedence is higher. There are 61 days a year when precipitation exceeds 0.5
inches.
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Figure 8
Juneau Mean Monthly Precipitation Distribution - 1949-1984 and 1987
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342 Runoff

The TR-55 method was used to generate runoff from rainfall events in Juneau. Rainfall tends to

persist over consecutive days; so adjustments were made (to the assumed CN) to account for
antecedent moisture conditions, which generally result in higher runoff.

Juneau’s snow melt events include more frequent winter thaw events, including winter rains and
earlier spring snow melt events than south-central or western Alaska. Some Juneau winters are
dominated by rainfall runoff events, rather than snow and thaw events..

3.4.3 Soils

The high relief of the Juneau area has led to development along the coast and up stream and river
valleys. The soils in the flood plains of these streams is silty. Soils on the uplands are either thin,
underlain by bedrock or thicker glacial till deposits, which are firm and compact. Although there
are tracts of well drained soil, the soil conditions generally impermeable. Storm runoff in

developed areas is handled by a combination of underground storm sewers, ditches, and culverts.
The developed areas are drained by creeks.

344 TSS

Total suspended solids data has been collected by the United States Geologic Survey (USGS) from
creeks in the vicinity of Juneau. The TSS data collected from these streams is associated with
mining activity and is not applicable to this study because the sites are much higher in elevation
than the area where development may occur. Rainfall and snowmelt runoff conditions in
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southeastern Alaska are strongly affected by elevation, which reflects both orographic and
temperature effects. The Alaska Department of Environmental Conservation (Richards, 1993)
presents stream water quality data for 15 streams and rivers in the Juneau area. This data does not
include the drainage area above the sampling point, instantaneous stream flow, or antecedent
rainfall or snow melt conditions. This data can provide general ranges for the summer months.

The rainfall period was taken as the months of February through October. A TSS loading based
on the Anchorage area runoff relationship was used. The snow melt runoff and TSS loading
developed for Anchorage was used for winter thaw periods.

345 Expected Site Development Types

According to the CBJ’s Department of Planning, Juneau’s new development is generally
characterized as in-filling. Its residential development is generally in the range of 5 acres range. A
typical commercial site size is 15 acres. Industrial sites are generally graveled.

Residential 5ac 4 houses per acre 40% impervious
Commercial 15ac retail store 85% impervious
Industrial 20 ac 218,000 sf warehouse/office =~ 50% impervious

34.6 Typical Year

For Juneau, 1987 was identified as the year with total rainfall closest to the long term average.
However, the winter snowfall was below average this year, and the winter temperatures above

average. This led to a higher percentage of the runoff due to rainfall, with consequently lower TSS
concentrations through the winter.

The runoff pattern for Juneau is shown in Figure 9. Two runoff peaks, in June and October,
illustrate the runoff from rainfall.

Figure 9
Juneau Monthly Rainfall-Runoff Distribution for Typical Year
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The cumulative TSS loadings for the typical Juneau year are shown in Figure 8. This figure
shows the loadings due to runoff from development for each land use category. It also shows the
total annual predevelopment load from each of the land use categories on the right side of the
graph.

Figure 10
Cumulative Pollutograph for Juneau for Typical Year
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A summary of the hydrologic characteristics of each land development scenario is shown in
Table 4.
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Table 4
Hydrologic Characteristics of Each Land Development Scenario for Juneau

Land Use Type
Variable Condition Units Residential Industrial Commercial
Area acres 5 20 15
% Impervious % 40 50 85
Rainfall (Feb-Oct) inches 38.54 38.54 38.54
Rainfall Runoff Pre Development | inches 1.41 1.41 1.41
Depth
Post inches 6.59 8.17 19.18
Development
Snowmelt Runoff  |Pre Development { inches 0.04 0.04 0.04
Depth
Post inches 0.67 0.82 1.36
Development
TSS Loadings Annual Pre lbs 480 2500 1785
Development
Annual Post Ibs 1285 7351 17782
Development
Summer Post Ibs 879 5106 12544
Development
Removal Required for Pre-Post %o 45% 51% 86%
Conditions - Surnmer
Median TSS Annual Post mg/l 127 157 214
Concentrations Development
Summer Post mg/l 133 163 222
" |Development
Maximum 6-hr flow {Summer Post cfs 0.53 2.40 3.10
Development
Median 24-hr flow |Summer Post cfs 0.01 0.03 0.05
Development

34.7 Local Storm Drainage Regulations

Juneau has a Coastal Management Plan which includes stream setbacks. The CBJ is currently
working with the ADEC on two streams in the borough that have been identified as impaired.
Developers in the CBJ have been required by ADEC to install stormwater controls on their project,
after site specific review.

35 LOCAL ECONOMIC CONDITIONS

The economic indicators for each community are summarized in the Table 5. The figures that were
available included population, municipal full value determination, total municipal revenue, median
annual household income, and median owned-house value. Population and tax base extend over
several orders of magnitude, although household income and median home price indicators are
comparable.
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Table 5
Economic Features of Indicator Municipalities
Feature Anchorage Bethel Juneau

Incorporation Type Unified Home Rule  |Second Class City {Unified Home Rule

Municipality Municipality
Population 248,296 2,009 29,078
Area (sq mi) 1,698 44 2,594
Population Density (per sq mi) 146 46 11
Property Tax (mils) 16.23 none 14.02
Total Municipal Revenue $790.239,935 $9,729,980 $121.312,436

Municipal Full Value Determination (tax

$12,295,898.,030

$184,121,800

$1,765,984.100

base)
Median Household Income $43,946 $45,203 $47,924
Median Owned Home Price $109,700 $82.000 $113,500

Source: Alaska Department of Community and Regional Affairs, 1995
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4.0 MANAGEMENT PRACTICES

41 SURVEY OF APPLICABLE BEST MANAGEMENT PRACTICES

In the previous section, typical annual pre and post development TSS loads for coastal Alaska were
estimated. In this section, methods for reducing the TSS loadings, known as best management
practices (BMPs), in coastal Alaska are presented.

Although scores of best management practices have been recommended and used throughout the
lower 48 states, Alaska’s climatological conditions limit the applicability of many of them. We
have completed a draft survey of potential BMPs for stormwater pollution prevention, with an
extensive and thorough summary of their applicability to Anchorage conditions, for the
Municipality of Anchorage (MW, 1994). That document and three sources (Scheuler, 1987,
Scheuler, 1992, EPA, 1993) were reviewed for applicability to the municipalities and land
development types targeted in this study.

Twenty best management practices (BMPs) are outlined on Tables 6 and 7. Table 6 includes 11
non-structural practices. Table 7 includes 9 structural practices This list has been developed to aid
in the selection of Best Management Practices (BMPs) for new development projects in coastal
Alaska, particularly for the scenarios used for the cost analysis in this study.

In the first column, a code indicating the function of the BMP is listed. The BMPs are arranged in
the following categories:

Source BMPs Which Reduce Pollution at Their Source
Erosion Erosion, Sedimentation and Drainage BMPs
Vegetative Vegetative BMPs
Retention Retention/Detention and Flow Regulation BMPs
Filtration Filtration and Infiltration BMPs
The second and third columns gives the name and a description of the BMP.
The fourth column describes site specific constraints, clarifies how the BMP may be applied and

may mention unusual maintenance conditions (e.g. a BMP has a very short life even with proper
maintenance).

The fifth through seventh columns gives a ranking for each municipality. The identified BMPs are
ranked for their applicability to each of the three indicator municipalities and the land use scenarios
developed for the cost analysis. The rankings are based on professional judgment, weighing such
factors as:
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* sitesize

* soil type

» slopes less than 5%

* maintenance requirements

» climatic conditions

* community acceptance

» constructibility in given community

* existing storm drainage infrastructure

The ranking for non-structural (NS) and structural (S) BMPs are separate, with 1 being the most

effective in the given category for the given municipality. Entries of N/A indicate that the BMP
would not be applicable to the municipality.

p——— p———
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Table 6

Non-structural Best Management Practices

. Non-structural BMP Description Constraints, Applications, and Unusual Rank of Rank of Rank of
Function BMP Name Maintenance Conditions Applicability | Applicability | Applicability
to Anchorage to Bethel to Juneau
Source Maintenance of | Ensure that all urban runoff facilities are 1 1 ]
urban runoff operated and maintained properly. Maintenance
facilities should occur at regular intervals, be performed
by one or more individuals trained in proper
inspection and maintenance of urban runoff
facilities, and be performed in accordance with
the adopted standards of the State or local
government (EPA, 1993).
Source Setback Setback distances should be determined on a In level or gently sloping terrain, a general 8 4 7
distances near site-specific basis since several variables may rule of thumb is to establish a setback of 50
wetlands, be involved such as topography, soils, to 100 feet from the edge of the wetland or
waterbodies, and { floodplains, cut-and-fill slopes, and design riparian area and the right-of-way. In areas
riparian areas geometry (EPA, 1993). of steeply sloping terrain (20 percent or
greater), setbacks of 100 feet or more are
recommended. Right-of-way setbacks from
major waterbodies (oceans, lakes, estuaries,
rivers) should be in excess of 100 to 1,000
feet (EPA, 1993).
Source Residential road | Plan residential roads and streets in accordance | Narrower streets would reduce the quantity 10 6 6
and street with local subdivision regulations, zoning of runoff and accompanying pollutants.
planning ordinances and other local site planning
requirements.




Table 6
Non-structural Best Management Practices (cont.)
. Non-structural BMP Description Constraints, Applications, and Unusual Rank of Rank of Rank of
Function BMP Name Maintenance Conditions Applicability | Applicability | Applicability
to Anchorage |  to Bethel to Juneau
Source Retain existing | Do not alter wetlands or riparian areas to In general, the location of surface water 1 2 11
functions of improve their water quality function at the runoff ponds or sediment retention basins in
wetlands and expense of their other functions (EPA, 1993). healthy wetland systems should be avoided
riparian areas (EPA, 1993).
Source Sweep, vacuum, | Sweeper technologies used in conjunction with | Equipment types commonly used for street 2 N/A 2
and wash other BMPs that are effective in trapping fine sweeping include abrasive brush and vacuum
parking lots solids could improve downstream water quality | device sweepers. A newly developed helical
(NVPDC, 1987). brush sweeper that incorporates a steel brush
with vacuum has been shown to be more
effective at removing fine solids and is
currently being evaluated (NVPDC, 1987).
Source Preserve natural | Natural drainage features infiltrate and attenuate 3 3 3
drainage flows and filter pollutants. Depressional storage
features and areas reduce runcff volumes and trap pollutants
natural (EPA, 1993).
depressional
storage areas
Source Snow storage Sites designated to keep melt water runoff from | Prevent dumping of accumulated snow into 5 7 5
overloading streams with pollutants. New sites | surface waters (EPA, 1993).
should provide containment and appropriate
treatment (HDR and CH2M Hill, 1993).




Table 6

Non-structural Best Management Practices (cont.)

Non-structural BMP Description Constraints, Applications, and Unusual Rank of Rank of Rank of
Function BMP Name Maintenance Conditions Applicability | Applicability | Applicability
to Anchorage to Bethel to Juneau
Source Alternative Apply sand in controlled amounts based on 4 N/A 4
sanding temperature and road conditions.
practices
Erosion Minimize Restrict paving and the use of non-porous cover 9 N/A 10
imperviousness | materials in recharge areas (EPA, 1993).
Erosion Reduce the Pollutant loading from impervious surfaces may 7 N/A 9
hydraulic be reduced if the impervious area does not
connectivity of | connect directly to an impervious conveyance
impervious system (EPA, 1993).
surfaces
Vegetative | Retain existing | Clear only those areas that are essential for 6 5 8

vegetation
wherever
feasible

completing site construction. Avoid disturbing
vegetation on steep slopes or other critical areas.
Route construction traffic to avoid existing or
newly planted vegetation. Protect natural
vegetation with fencing, tree armoring, retaining
walls, or tree walls (EPA, 1993).




Table 7

Structural Best Management Practices

preparation

where asphalt and concrete are too expensive,
an alternative soil cap is beneficial to counter
wind and water erosion.

method. Permazyne, a chemical soil
additive, is in the research stage in rural
Alaska. Soil cement is an older technology
that may serve this function.

o

. Structural BMP Description Constraints, Applications, and Unusual Rank of Rank of Rank of
Function | gmp Name Maintenance Conditions Applicability { Applicability | Applicability
to Anchorage to Bethel to Juneau
Vegetative | Vegetated filter | Low gradient area of land with vegetative cover | In coastal Alaska, vegetated filter strips will 2 4 2
strip that is designed to intercept runoff as overland | be limited by a fairly short growing season
sheet flow from upstream development (EPA, and will not be effective during initial
1993). snowmelt.
Vegetative | Grassed swale An earthen conveyance system in which In coastal Alaska, grassed swales will be 4 3 4
pollutants are removed from urban stormwater | limited by a fairly short growing season and
by filtration through grass and infiltration will not be effective during initial snowmelt.
through soil (Schueler, Kumble, and Heraty,
1992).
Vegetative | Seeding and Seeding with erosion protection blankets 7 1 7
mulch/mats for | protects road and pad side slopes while the
side slope vegetation becomes established (EPA, 1993).
protection Erosion protection blankets are tacked in place
and can be made of straw, jute netting or nylon
fiber. Seeds can be incorporated into the
blanket to provide the necessary ground cover
to curb erosion and aid plant establishment .
Vegetative | Vehicle surface | On roads and in parking and storage areas Gravel caps are the prime example of this 6 2 6




Table 7

Structural Best Management Practices (cont.)

Function | Structural BMP Description Constraints, Applications, and Unusual Rank of Rank of Rank of
BMP Name Maintenance Conditions Applicability | Applicability | Applicability
to Anchorage to Bethel to Juneau
Detention | Extended A pond which temporarily detains a portion of 5 N/A 5
detention pond ] urban runoff for up to 24 hours after a storm,
using a fixed orifice to regulate outflow at a
specified rate, allowing solids and associated
pollutants the required time to settle out.
Normally dry between storm events and does
not have any permanent standing water.
Provides greater flexibility in achieving target
detention times (EPA, 1993).
Detention | Wet pond (also | A basin designed to maintain a permanent pool 1 N/A 1
called of water and temporarily store urban runoff
sedimentation until it is released at a controlled rate. (EPA,
basin) 1993).
Detention ] Catch basin In its simplest form, a catch basin is a single- 3 N/A 3
(water quality chambered urban runoff inlet in which the
inlet) bottom has been lowered to provide 2 to 4 feet
of additional space between the outlet pipe and
the structure bottom for collection of sediment,
Several designs exist (EPA, 1993).
Detention | Catch basin with | A water quality inlet with a second chamber 8 N/A 8
sand filter (water | containing a sand filter to provide additional
quality inlet) removal of finer suspended solids by filtration,
* | The first chamber provides effective removal of
coarse particles and helps prevent premature
clogging of the filter media (EPA, 1993).




Table 7
Structural Best Management Practices (cont.)

Function | Structural BMP Description Constraints, Applications, and Unusual Rank of Rank of Rank of

BMP Name Maintenance Conditions Applicability | Applicability | Applicability

to Anchorage to Bethel to Juneau

Infiltration | Porous A porous asphalt through which runoff is 9 N/A 9

pavement and diverted into an underground stone reservoir,

permeable gradually exfiltrating out of the stone reservoir

surfaces into the subsoil (EPA, 1993).




42 TYPE OF DEVELOPMENT AND BMP FOR EACH LAND USE

The II.A.(1)(a) management measures for controlling TSS in runoff from new development is
expressed as 80% removal of TSS. The second management measure, prescribing that post
development TSS load equal predevelopment loads, can also be expressed as a percentage, when
the pre and post development loads are known. The percentage efficiency of the BMP is calculated

by dividing the mass of settled TSS by the mass of the total incoming TSS. These percentages
establish target levels of TSS removal.

Non-structural BMPs have proved effective in removing TSS, but cannot be managed to meet
targeted removal levels. Vegetative structural BMPs have also proved effective, even in northern
climates (Marshall, 1991), but cannot be designed to remove a targeted level of TSS. This is due
both to lack of information to aid in developing design methods as well as the variability of
performance in the field. Performance is highly dependent on proper construction and

maintenance. The only structural BMPs that can be designed to targeted reduction levels include
detention and infiltration methods.

Infiltration methods, which include retention facilities and infiltration structures, are not applicable
in areas where soils are relatively impervious. This is always the case in Bethel, which has
uniformly silty soils. It is the general case in Anchorage and Juneau. In Anchorage and Bethel,
and to a lesser extent in Juneau, infiltration methods are only functional for the times of the year

when they are neither covered by snow nor frozen. Because of these limitations they were not
considered to be effective.

Detention methods detain storm water. While the water is detained, sedimentation occurs, which
lowers the TSS concentration in the outflow. Gravity detention structures (those not requiring
mechanical equipment such as pumps) require excavation in order for water to flow by gravity. In
Bethel, construction requiring excavation is not feasible due to the high groundwater table and
permafrost conditions. In Juneau and Anchorage, detention facilities, either water quality inlets or
sedimentation basins, have been used on site specific bases. Since these are considered to prove

more effective than infiltration methods, they were chosen for the cost analysis rather than
infiltration methods.

Detention BMPs remove TSS by settling suspended particles. Under passive treatments (that is,
with no chemical or physical controls), settling occurs by precipitation. Particle settling is

influenced by three factors: settling velocity, flow rate and surface area of the detention facility.
These factors are related by the following equation:

Q _
A
where Q = flow rate, cfs

Vs = particle settling velocity, ft/sec
A = basin surface area, sq ft

1
!
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Settling velocity is dependent on water temperature and particle shape and diameter . The colder
the water, the smaller the particle diameter, and the less spherical the particle, the slower the
particle settles. The suspended particles that make up TSS vary in diameter and shape. Clay
particles settle very slowly, if at all, because of their planar shape. Turbulence and wind action
create conditions under which smaller particles do not follow this equation, because the lift forces
counteract gravity and they cannot settle. Experience has shown that it is usually physically
practical to design for removal of sands, but removal of silts and clays is likely to be physically
prohibitive (Walesh, 1989). Clays and silts have particle diameters in the range of <2 microns and
2 to 50 microns, respectively. For purposes of this analysis, 10 microns was taken as the
minimum diameter of a settleable particle.

Distribution of particle size within the TSS varies, depending on the sources of the TSS, such as
local soils and road maintenance practices. The distribution also varies based on storm intensity;
higher intensity rainfalls can mobilize larger particle sizes. (This follows from the Universal Soil
Loss Equation). If all of the TSS particles are greater than 10 microns, a high removal efficiency
can theoretically be achieved. Conversely, a large fraction less than 10 microns will place a lower
limit on the sedimentation efficiency. It follows that the percentage of the TSS particles, by mass,
greater than 10 microns, defines the upper level of removal efficiency that can be achieved.

Sediment sampling results are available from stormwater in the Anchorage area (JMM, 1992) and
are shown in Figure 11. The Basin Inlet Composite #1 in Figure 11 represents the particle range
of a number of composited samples. The percent of suspended sediment greater than 10 microns
for Basin Inlet Composite #1 is 72%. Although the other samples show a higher percentage of
particles greater than 10 microns, Basin Inlet Composite #1 represents the lower bound on the
distribution. This 72% value, and the particle size distribution for these small diameter particles,
compare favorably with the particle size distribution found in stormwater from nationwide sources
(Pitt, 1985), where 78% of the particles were greater than 10 microns. As mentioned previously,
rainfall intensity is one factor that determines TSS loading and it follows that higher intensity
storms mobilize particles of larger diameter. Since rainfall in the Anchorage area is generally of
lower intensity than the nationwide average, the slightly greater percentage of smaller diameter
particles is reasonable. Therefore, this distribution was used in evaluating the expected efficiency
of sedimentation basins in Anchorage. This distribution was also used to evaluate the efficiency of
sedimentation basins in Juneau, because, even though the Juneau area experiences higher annual
rainfall, its rainfall intensities are still lower than the nationwide norm. Because Bethel has
uniformly silty soils, we would expect an even smaller percentage of particles greater than 10
microns.

Based on the particle size distribution, the best removal efficiency that can be expected in Juneau
and Anchorage is 72%; and even lower in Bethel. Therefore, sedimentation basins will not meet
the 80% target of management measure in II.A.(1)(a) in these locations in coastal Alaska.
However, for five of the land development scenarios, reducing pre development loads to post
development levels entails removal rates lower than 72%. For these scenarios, sedimentation
basins were sized to meet the percent removal rates, and prototype sedimentation basins were
designed. Cost figures have been calculated for these prototype basins.
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Figure 11. Particle Size Distribution Analyses for Suspended Sediment in Storm Water
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Quantifiable structural BMPs are not feasible for the residential or commercial land development
scenarios in Bethel. The recommended control methods include gravel capping of parking areas
and erosion protection on the side slope of pads. There is not enough data to determine whether

these BMPs will achieve the targeted removal rates, but it is reasonable to assume a 50% removal
rate.

Table 8 summarizes the target removal efficiency for each municipality and land use scenario under
management measure II.A.(1)(b) for rainfall runoff events. There was no municipality in which
80% removal efficiency (management measure II.A.(1)(a)) could be achieved. The scenarios in

which these target percentage removal levels were less than 72% were carried forward for cost
estimates in Section 5.

Table 8
Summary of Target TSS Removal Percentages

Target Removal Efficiency (%) Required for
Pre=Post Development (II.A.(1)(b)
Municipality
Land Use Anchorage Bethel Juneau
Residential 29 -100 45
Industrial 44 8 51
Commercial 68 NA 86

Costs were not developed for other removal scenarios for various reasons. Since none of the
municipalities have specific local ordinances addressing TSS removal levels, no cost estimates
were developed for meeting existing municipal ordinances. As mentioned previously, the
effectiveness of non-structural measures cannot be quantified. Since non-structural measures
cannot be recommended to m